Background
==========

Low levels of calcium intake are becoming increasingly prevalent among children and adolescents \[[@B1]\]. This has been suggested to impede the attainment of peak bone mass during adolescence \[[@B2]\]. Thus, there is an imminent need for a valid and efficient calcium assessment tool in this population. Food consumption data are collected using a wide variety of methods and procedures \[[@B3]\]. The 24-hour recall method is the most commonly used assessment tool in large cross-sectional surveys and skeletal development studies in both children and adults. This method has numerous advantages including responsiveness to change in food supply and habit \[[@B3],[@B4]\]. The advantage of 24-hour recalls is that employs probes and checks to ensure that responses are correct and accurate. In large samples, the 24-hour recall is said to provide valuable information on differences between group averages \[[@B5],[@B6]\]. Although the 24-hour recall method may yield variable responses in young children, Livingstone and Robson \[[@B7]\] found that from 8 years of age, there is a rapid increase in the ability of children to report food intake. Moreover, Baranowski et al. \[[@B8]\] found strong agreement (82% for all foods) between children\'s self-reported frequencies and meal observations.

Although the 24-hour recall method has proven to be effective in older children, it does require analysis through dietary software, and attaining specific nutrient values (such as calcium) can be time-involved. Studies that are focused on bone growth and development require a tool that will quickly diagnose nutrient intake of calcium in children and adolescents. In order to assess nutrient intake in a rapid fashion, Food Frequency Questionnaires (FFQ) have been developed. In assessing calcium intake, one of the more commonly used FFQs in clinical research is the Rapid Assessment Method (RAM). In adults, RAM has been found to be reliable and valid \[[@B9],[@B10]\]. Ward et al. \[[@B10]\] 2004 found that 84% of college athletes with an inadequate calcium intake (based on 6-day dietary recalls) were quickly and accurately identified though the administration of the calcium RAM. However, in spite of the importance of calcium intake during the growing years, RAM has never been used or validated in children and adolescents.

As previously stated, the 24-hour recall method is the most often used dietary assessment tool in large clinical studies. This method has often been used with children and adolescents \[[@B11]-[@B14]\]. However, its use is time-consuming and its analysis often requires expertise and special software. Single 24-hour dietary recalls are advantageous in clinical use for this population because they provide checks and time references (all foods listed and accounted for) for the child in a capacity that they can comprehend \[[@B5]\]. FFQs on the other hand, can be time efficient and are readily available. Thus, the aim of this study was to compare the daily calcium intake values obtained from the Rapid Assessment Method (RAM), an FFQ, for assessing daily calcium intake in child and adolescent males against the values obtained from the 24-hour recall method.

Methods
=======

One hundred and sixty-two children aged 9--16 years from Southern Ontario, Canada participated in the study. Subjects were recruited from numerous schools and sports clubs. As this project is part of a larger study, only male subjects were recruited at this point. All testing was approved by the Brock University Research Ethics Board. Informed written consent was obtained from both the subjects and their parents/guardians prior to their involvement with the study. Subjects were divided into one hundred and seven (107) elementary school (ES, 9--12 years, mean age 11.2 ± 0.7 years) and fifty-five (55) high school (HS, 14--16 years, mean age 15.4 ± 0.5 years) groups. These two groups were selected to represent two different levels of pubertal maturity. Indeed, pubertal maturity, as self-assessed using secondary sexual characteristics \[[@B15],[@B16]\], was lower in ES (Tanner stages 1--2) as compared with HS (Tanner stages 4--5). Body weight was measured using a calibrated Zenith digital scale. Height was measured with an Ellard Instrumentation board length statiometer (Monroe, WA, U.S.A). Relative body fat was estimated from skinfold thicknesses of the triceps and subscapular landmarks \[[@B17]\]. As expected, the groups were significantly (*p*\< 0.05) different in terms of physical characteristics with ES boys being smaller in size (41.2 ± 10.2 kg, 146.6 ± 7.8 cm) than HS (65.3 ± 11.1 kg, 172.6 ± 7.0 cm). Both groups had a relatively small percentage of boys that were overweight (23% and 13% for ES and HS, respectively) with no significant differences in relative body fat between groups (19.3% and 16.4% body fat for ES and HS, respectively). Additionally, no boys that were classified as obese were used in the analysis of this study.

Each subject attended a nutritional interview in a private room. The 20- to 30-minute interview included the calcium RAM \[[@B9]\] and a 24-hour dietary recall. Both questionnaires were administered using visuals aids to approximate the serving sizes of various foods. Subjects report was taken independent of parental response, as parents have been found to not be reliable reporters of their children\'s food intake out-of-home \[[@B8]\]. All interviews were conducted by the same trained and experienced researcher.

The RAM includes 30 items and refers to a typical day \[see Additional file [1](#S1){ref-type="supplementary-material"}\]. Two categories were added to the original RAM questionnaire, namely calcium enriched orange juice and specific nutritional supplements. The calcium values (mg) for nutritional supplements and calcium enriched orange juice were obtained through the Diet Analysis 6.0 program (Belmont, CA, U.S.A).

For the 24-hour dietary recall, subjects were asked to recall everything consumed (including foods, beverages, sauces and condiments) the day prior to the interview. Prior to answering the 24-hour dietary recall, subjects were asked if the last 24 hours were typical for their diet. If it was not a *typical*day (e.g. birthday party, family gathering, eating out), they reported two days prior to the interview date. The 24-hour dietary recall started from the first meal or beverage consumed at waking until midnight of the reporting day. The data were analyzed using the Diet Analysis 6.0 program for total energy intake, and total calcium intake. When nutritional information was not available through the software program, manufacturer\'s labels and information from fast food chains were utilized.

Statistical Analysis
--------------------

Intra-class correlation was used for the comparison between the RAM and the 24-hour recall method. A one-way ANOVA was used to determine differences in anthropometric variables between groups. A paired t-test was used to compare the mean daily calcium intake obtained by RAM with that calculated based on the 24-hour dietary recall. To examine age differences in the validity of RAM, an ANOVA for repeated measures, with age-group (ES vs. HS) being the between-subject factor and assessment method (RAM vs. 24-hour) being the within-subject factor, was also performed. All data are expressed as mean ± SD. Statistical significance was accepted at *p*≤ 0.05.

Results
=======

The intra-class correlation coefficients (*ICC*) between RAM daily calcium intake values and those obtained using the 24-hour recall questionnaire were significant (*p*\< 0.05) yet moderate (*ICC*= 0.46 and 0.43 for ES and HS, respectively). However, daily calcium intake obtained using RAM was significantly higher when compared with the 24-hour recall values, with a similar pattern being observed in each age-group separately (Figure [1](#F1){ref-type="fig"}). Calcium intake (Figure [1](#F1){ref-type="fig"}), and total daily energy intake (8225.7 ± 3087.8 vs. 10175.5 ± 3351.4 kJ in ES and HS, respectively) were significantly higher in HS.

![Daily calcium intake for both age groups obtained from RAM and the 24-hr recall (mean ± SD; ES = elementary school age; HS -- high school age; \* *p*≤ 0.05 between age-groups; † *p*≤ 0.05 between methods).](1475-2891-6-24-1){#F1}

Discussion
==========

This is the first study that attempted to compare the use of this specific FFQ against the 24-hour recall questionnaire in the nutritional assessment of male children and adolescents. It was found that the RAM consistently overestimated daily calcium intake compared with the 24-hour recall, suggesting that this method of nutritional assessment should be used with caution in these age groups.

Studies investigating the differences in calcium intake between FFQ and dietary records or recalls in children are limited. Similar to our finding, another FFQ, the Block98, was found to overestimate energy and macronutrient intake when compared with a 3-day dietary record in 4--9 year-old girls \[[@B18]\]. Recently, Bertoli et al. \[[@B19]\] reported that another FFQ overestimated calcium intake when compared with a 7-day weighed record diary in 6--20 year old Italians. Since dietary recalls of more than 1-day have been reported to be problematic for younger children \[[@B8]\], the present study compared the RAM with a 24-hour dietary recall. A number of recent studies have also used 24-hour recalls to validate different calcium FFQs \[[@B20]-[@B22]\]. In accordance with our results, Harnack et al. \[[@B21]\] also reported that although the test-retest reliability of their 10-item calcium FFQ was good (*ICC*= 0.66), the calcium intake values from FFQ was only moderately associated with estimates from 24-hour recalls (*ICC*= 0.40) in 11--14 years old boys. Magkos et al. \[[@B22]\] found that their 30-item calcium FFQ significantly underestimated the calcium intake in 351 Greek children aged 11.9 ± 1.2 years. The latter study is in contrast with our findings of overestimation of calcium intake in children and adolescents by the RAM. The discrepancy may be due to the different FFQs used or to the different age groups of the subjects. Nevertheless, our results strengthen previous reports of FFQs\' overestimation of nutrient intake in children.

We suggest that the overestimation of FFQs may be attributed to their typically long list of food items. The abundant choices may make the children feel obliged to mark more food items than they actually consumed, thereby over-reporting calcium intake. On the other hand, it is possible that 24-hour recall underestimated calcium intake of our subjects. Using the mean values for height, weight, and age of our participants, and assuming low to high physical activity levels, mean energy expenditures for the ES boys would be approximately 8995 and 10376 kJ/d, respectively, whereas requirements for HS boys would be approximately 12133 and 13807 kJ/d, respectively (calculated using the 2005 EER equations from the Institute of Medicine) \[[@B23]\]. Thus, it appears that the 24-hour recall likely underestimated total energy intake by about 10% (ES, assuming low activity) to as much as 35% (HS, assuming high activity). While it cannot be assumed that calcium intake would be proportionally underestimated, it is possible that the 24-hour recall method may have slightly underestimated daily calcium intake. Moreover, the daily calcium values obtained (Figure [1](#F1){ref-type="fig"}) from the RAM, for both ES and HS groups, appear to be in contrast and overestimated as compared with past research utilizing multi-pass 24-hour recalls or 6 day dietary records \[[@B5],[@B24]\].

Conclusion
==========

The problem of estimating the proportion of the population at risk for dietary inadequacy has yet not been resolved. In our study, it is concluded that the RAM overestimated daily calcium intake as compared with the 24-hour recall method in both child and adolescent males. The growing years have been called the \'window of opportunity\' for preventing degenerative bone diseases, such as osteoporosis, in the future \[[@B25]\]. It is crucial that researchers be able to attain accurate calcium values in children and adolescents to ensure proper bone accrual during the growth years. Further studies are required to identify a valid tool for assessing calcium intake in male and female children and adolescents.
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